Norepinephrine induces the raf-1 kinase/mitogen-activated protein kinase cascade through both alpha 1- and beta-adrenoceptors.
Although norepinephrine induces cardiac hypertrophy by activating protein kinase A and C through beta- and alpha 1-adrenoceptors, respectively, protein kinase A has been reported to inhibit cell growth in many other cell types. To elucidate the molecular mechanism of norepinephrine-induced hypertrophic responses, we examined the effects of protein kinase A and protein kinase C on the activities of raf-1 kinase and mitogen-activated protein (MAP) kinases and on protein synthesis rates using cultured cardiomyocytes of neonatal rats. Norepinephrine-induced activation of MAP kinases was partially inhibited by either an alpha 1-adrenoceptor blocker (prazosin) or a beta-adrenoceptor blocker (propranolol) and was completely abolished by both blockers. Both a beta-adrenoceptor agonist, isoproterenol, and an alpha 1-adrenoceptor agonist, phenylephrine, increased the activities of raf-1 kinase and MAP kinases and phenylalanine incorporation into proteins. Furthermore, isoproterenol and phenylephrine synergistically activated these kinases and protein synthesis. Similar synergistic activation of MAP kinases was observed when other protein kinase A-activating agents such as forskolin, dibutyryl cAMP, and isobutyl-methylxanthine were used with a protein kinase C-activating agent at the same time. Chelation of extracellular Ca2+ completely abolished isoproterenol- and phenylephrine-evoked MAP kinase activation. Norepinephrine activates the raf-1 kinase/MAP kinase cascade through both alpha 1- and beta-adrenergic stimulation, and signaling pathways from the two receptors synergistically induce cardiomyocyte hypertrophy.